The 1993 
Introduction
From as early as May until mid-August 1993, a series of severe flooding events swept through the Upper Mississippi and Lower Missouri River basins. The disastrous floods were caused directly by the persistent medium to extremely heavy precipitation that was closely oriented to the major rivers in the area [Lott, 1993; Kunkel, 1994; Rodenhuis et al., 1994] . Studies on large-scale atmospheric circulation pointed out that [Beljaars et al., 1996] . ECMWF is also undertaking a reanalysis (ERA) project, reanalyzing the data using a frozen version of an operational model and data assimilation system to provide 15-year (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) homogeneous data sets. The differences between these two model and data sets are summarized in 
Methodology
The comparison will focus on the hydrological cycles on a monthly basis. The components of water balance in TOGA, ERA, and Obs will be examined for a volumetric area that stands vertically from the surface by the linearized boundary up to the top of the atmosphere. The high similarity of monthly precipitation fields between ERA and TOGA and the significant differences between models and observation suggests that introducing the new soil hydrology and boundary layer resulted in an improvement primarily on the total precipitation amount. The time-space distribution of precipitation, however, is unlikely to be significantly improved unless the model resolution is refined, and more crucially, the precipitation parameterization scheme is improved. As an example, the 12-hour cumulative rainfall on July 1, 1993, is shown in Figure 6 It is apparent that atmospheric precipitable water has a rather chaotic variation period in the first six months (September to February). Comparatively, TOGA varies with Obs much more closely in this period and in spring and summer. November has shown moisture depletion in the TOGA/Obs data, suggesting that the large amount of rainfall is due to both a large amount of net moisture inflow and precipitable water depletion. In the colder months (December to February) the change of total atmospheric water vapor is very small (within 10 ram) due to significantly reduced surface evapotranspiration (less than 20 mm on the average) and partially due to decreased large-scale moisture inflow (less than 40 mm on the average). ERA precipitable water, on and that ERA is relatively larger than TOGA in the meridional direction. In comparison with observation, the models produce stronger low jet streams. The mean vapor density profiles also match with each other very well among ERA, TOGA, and Ohs, with model results being slightly larger. The largest differences of mean vapor density occur around 900 mbar. Basically, the largescale fields of zonal vapor transportation are very good in the models. Therefore differences among TOGA, ERA, and Obs should result from the discrepancies of the mean meridional flow and, perhaps more importantly, the unresolved (temporal and spatial) departures from the mean. The month of November is a good example of the 6-month period (October to March) of divergence (at 0000 UT) in ERA. As presented in Figure   9 , ERA and TOGA apparently produce slightly weaker zonal and meridional winds than Obs, and ERA meridional wind is also relatively weaker than TOGA. ERA simulates a slightly drier atmosphere, more obviously below 900 mbar. Once again, for any two data sets in comparison, their net moisture inflow might differ greatly and yet have the close mean flow. Figure 10 . A distinguished feature is evident in ERA, which has a consistent cold bias at 1200 UT (i.e., 0600 CST) for the 12 months and a complete cold bias cycle in winter (December to February, not all shown).
In contrast, the reported meteorological impacts of the changes in ERA include a significant reduction of warm bias in the continental boundary layer during daytime in summer, an increase in the cold nighttime bias, and a more realistic humidity diurnal cycle [Beljaars et al., 1993] . ERA deviates from the observation in a timevariant way. First, the cold bias from midnight (0600 UT) to the morning (1200 UT) exists persistently starting from October. The magnitude of the cold bias increases and decreases rapidly as the seasonal temperature gets colder and warmer; that is, it becomes larger in winter/spring and smaller in summer/fall. The decreased cold bias from March to August improves the nighttime temperature in ERA by about 1øC to 1.5øC. Second, from May to August the air temperature from 0600 to 1200 UT in ERA shows an opposite trend to that of Ohs, which has higher temperatures in the morning than at midnight (0.4øC to 0.7øC higher). The observed diurnal feature of air temperature shows a decreasing trend from 0000 (1800 CST) to 0600 UT, because of the lack of solar radiation and the surface cooling (notice that the ERA temperature decreases faster than the observation). In winter and spring, this decreasing trend extends to early morning (1200 UT). However, starting from May and during the summer months, the effect of solar radiation in the early morning causes the air temperature at 1200 UT to be higher than that at midnight (0600 UT). ERA obviously fails to catch this seasonal variation. We believe that the ERA model creates substantial night cooling which causes the temperature to reach a minimum between 0600 and 1200 UT. However, while the temperature recovers afterward, its value at 1200 UT remains below that at 0600 UT. Third, although the warm bias in TOGA at 0000 UT is noticeably reduced by about 1øC to 1.5øC in ERA from September to November and in March, ERA itself shows a larger warm bias in the 
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